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(1931) described the first case in an infant aged 20 months. Since then only three series of childhood brucellosis have been published, forming part of a series of cases of all ages (Beattie, Smith and Tulloch, 1935; Smith, 1951; Dalrymple-Champneys, 1960) . A series of eight mild cases in childhood has been described by Paterson and Hardwick (1938) . Elkington, Wilson, Taylor and Fulton (1940) and Cruickshank and Stevenson (1942) have described mild outbreaks of brucellosis in schoolchildren.
Dalrymple-Champneys has referred to childhood cases in his various intermediate papers (1950, 1952) .
In the two largest series, the childhood cases constituted 2-8% (Smith, 1951) and 10-3% (Dalrymple-Champneys, 1960) , both series giving a rate of about 32 cases of all ages per million of the population. The low proportion of childhood cases corresponds to American findings: Spink (1956) reported an incidence of 2 5 % in children. Wallis (1959) estimated the incidence of childhood brucellosis to be 1 % of hospital patients, based on observation of 3,000 paediatric cases seen over five years. His monograph describes in detail the clinical and epidemiological factors in 35 patients considered to have brucellosis and his are the only recent papers on childhood brucellosis in this country.
In the United States, Jordan (1945) found a specific overall rate of reported cases to be 0 9 per 100,000 in rural children and 0 4 in urban children, compared with 1-4 in urban housewives. Jordan further stated (1950) that 8-8 % of all cases in a noncontact series were in children under 14 years of age compared with 4-3 % in a contact series.
A low percentage of children was also found by Magoffin, Kabler, Spink and Fleming (1949) , only 311% of 3,315 cases being children under 10 years.
When contact cases were excluded, however, the proportion of childhood cases increased, and in 74 proven cases with no animal contact nearly 10% were children under 10 years.
Hagebusch and Frei (1941) had previously concluded that the disease was common but self-limited in childhood and that spontaneous recovery masked the real incidence. Of 182 cases of childhood brucelosis diagnosed by them, six were classified as acute and 176 as chronic; 95 % were under 6 years of age and 65% were female, corresponding with their experience of adult cases in St. Louis, where at that time 78 % of over 1,000 cases had been female. A male preponderance of cases has usually been found in other studies, e.g. Dalrymple-Champneys' series of 150 children (1-94: 1, M. : F.). Spink (1952) , in 253 childhood cases, found 168 boys to 85 girls and Wallis (1959) reported the disease in 19 boys and 16 girls.
The apparent scarcity of childhood cases has been attributed to various factors. Garrod (1937) found that Brucella was more easily killed by hydrochloric acid than any of the other pathogenic organisms and considered that this might account for the low pathogenicity of brucellosis for the human subject generally. The acidity of gastric juice in children is less than that of adults. Mean values of acidity (free acidity degrees) are given by Behrendt (1949) and vary from mean rates of 12 -5 between 2 and 10 years to 49 at age 20. So with less free acid than the adult, the child might be expected to be less able to destroy the brucella. On the other hand, what he has may be counted on and the adult might more often have achlorhydria. Hall (1950) observed that the blood serum of infants of 3 months or less was strongly bactericidal for Br. abortus, that two-thirds of infants between 4 and 16 months had serum with little or no bactericidal activity, but that in children over 18 months, as well as in normal adults, strong bactericidal action against Br. abortus was shown by the serum. He concluded that the protection of young infants was due to passive antibodies from the mother, BRUCELLOSIS IN CHILDREN powers of serum in later life. Lovell (1951) , arguing from experience of resistance to infection in young animals, including man, suggested that the non-susceptibility was due to lack of suitable soil for growth of the organism before puberty. Huddleson (1952) showed that normal bovine serum, in the presence of sulphadiazine and added complement, inhibited the growth of Br. abortus. A Brucella growth-inhibiting factor was not demonstrated in the serum of newborn calves before ingestion of colostrum; after colostrum the inhibition of Br. abortus was higher, but not greater than in normal adult serum. This factor was not connected with the y globulin content of the serum. Spink (1956) considered, however, that protection was afforded in children by intact tonsils and that the dilution of the organisms in milk would reduce the chance of infection for children compared with the more likely contact infection for the adult. McCullough (1955) , on the other hand, has referred to the simple lack of detection of childhood brucellosis, since in this group blood serum tests are less likely to be carried out. This would be in accord with Debono's (1943) (McDiarmid, 1960) . Kids and lambs appear more resistant than older animals, but weanlings and suckling pigs are more susceptible than the young of other animal species commonly infected. Dooley (1931) Angle's study, 79 3 % of all positive reactors were raw milk drinkers. Russell (1947) found that, of 141 children with tissue immunity, 123 had had a vague illness suggestive of the disease.
A similar spread of infection without clinical manifestations has been shown in the various family studies of brucellosis. Dalrymple-Champneys (1960) found only nine instances of more than one clinical case in a family, the intervals between the infections ranging from two days to 18 months. Spink (1954) , in 16 years of extensive epidemiological and clinical studies, found only nine families in which additional information of human infection was obtained; although evidence of infection was present in 17 additional individuals coming from these nine families, in no instance was there more than one additional case of illness in a family.
Recently, one interesting example of a family multiple infection, which appears to have been due to Br. abortus, has been recorded in this country (R. C. McLeod, 1960, personal communication) . Six members of a family (including children aged 11, 10 and 8 years) fell ill between October 1957 and March 1960 . The symptoms included erythematous rashes, swollen joints, pains in abdomen and buttocks, and lymphadenopathy; positive titres to Br. abortus were recorded in all these cases. In May 1958 an abortion storm, affecting 16 of 28 cows, occurred in the herd from which raw milk was supplied to the family. All the milk routinely went for pasteurization except one bottle taken home by a man who worked on the farm at week-ends. Wallis (1957 Wallis ( , 1959 confirms that childhood cases are very easily missed, and he refers to a great variety of presentations and complications associated with childhood brucellosis.
Complications of the childhood disease reported in this country are: meningitis (Broadbent, 1931; Black, 1937) ; meningitis with ocular palsy and with pyuria and urticaria (Leys, 1943) ; arthritis of knee and shoulder (Beattie et al., 1935) ; and intermittent epistaxis (Branwood, 1952) . Wallis (1957 Wallis ( , 1959 In all the British series of childhood cases, infection has mainly been attributed to raw milk, although in the U.S.A. Spink (1956) is inclined to the view that the exploratory habits of children in the country might readily lead them into contact with infected material in the vicinity of farms. Renoux (1953) considers that the resistance shown by children is only apparent and results from the lack of close contact between children and infected animals or to the fact that the young are rarely fed on raw milk; when such conditions have occurred, he has noted that the susceptibilities of children or infants are the same as those of adults.
Blood Picture. Most authorities (Huddleson, 1943; Castaneda and Guerrero, 1946; Spink, 1956; Dalrymple-Champneys, 1960) describe leucopenia or normal total W.B.C. counts with relative or absolute lymphocytosis. The W.B.C. total rarely exceeds 20,000 and is usually nearer 10,000 (Dalrymple-Champneys, 1960) . 'Pathologic lymphocytes' and 'liver damage' cells have been described by Munger and Huddleson (1939) . Sabin (1923) reported increased monocytes of a type associated with various kinds of hepatic damage and similar to atypical monocytes found with infective hepatitis. In this connexion, Braude (1955) (Conway, 1949) , this seems a real possibility. The possible confusion of the W.B.C. differential and morphology in brucellosis with glandular fever has been referred to by Rubenstein and Shaw (1944) . The lymphocytic response has been described by Calder, Steen and Baker (1939) as a lymphocytic 'shift to the left' with an unusually high number of immature lymphocytes.
In Br. melitensis infection, Munger (1941) found leucopenia with relative lymphocytosis and slight monocytosis. Rainsford (1933) In children, the Coombs test (Wilson and Merrifield, 1951) might be useful as a routine in suspected childhood cases. The immune reaction of the child may differ from that of the adult, and incomplete and normally undetectable antibodies may be produced, and these may be more effective against brucellae than the complete antibodies detectable by the usual tube test. So far as is known, no figures are available to show the comparative incidence of blocking antibodies in childhood compared with adult serum. Elberg (1958) has outlined procedures that might be followed in testing for incomplete blocking type antibodies, but says that when the normal tube test is carried out properly many difficulties formerly reported are obviated; however, he still leaves room for a technique to allow for incomplete or blocking antibodies. The papers of Burki and Fey (1953) , Hall and Manion (1953) , Wagner and Kuhns (1953) and Cruickshank (1956) Zinneman, Glenchur and Hall (1959) say that blocking antibodies appear later than the agglutinating antibodies; they appear first on the y globulins, but shift to the globulins and persist after agglutinating antibodies subside.
Blood culture is, of course, the definite diagnostic measure, but only a low percentage of results are positive even when systematic attempts are made (Spink, 1956) . Often blood culture is not tried when the agglutination is positive, and so in many cases it is never attempted at all. If blood culture positive cases only were accepted as true cases of brucellosis in this country, very few indeed would be authenticated. Of Dalrymple-Champneys' cases, 3% had positive blood culture, while blood culture recoveries sent for strain typing at the Brucellosis Reference Laboratory account for only 3 % of Public Health Laboratory Service cases. Marrow, spleen, liver or gland puncture, followed by microscopy and culture, can establish the diagnosis if culture is positive, and if granulomata are present they can be suggestive though not pathognomonic. It is, of course, unlikely that these manoeuvres would be resorted to in mildly ill patients. The most likely way to improve the frequency of diagnosis and its accuracy, therefore, seems to lie in ensuring that the tube test is carried out correctly and that the technique followed allows for the detection of incomplete or blocking antibodies. The W.H.O. Expert Committee (World Health Organization, 1951 (14); 15 other varieties of skin rashes were reported in his series (1960) . Spink (1956) Pennell and Huddleson (1937) attributed this ability to an endo-antigen tested on animals.
Positive skin tests do not differentiate recent or old infection (Meyer, 1950) . Nor is a positive test diagnostic in the absence of clinical symptoms.
The effect of brucellergens in causing only transient elevation in antibody in persons not previously sensitized (i.e. previously infected) and a longstanding elevation in persons who have been sensitized (whether initial skin test negative or positive) has been used by Barrett and Rickards (1953) and Davies (1957) as a diagnostic measure. Spink (1956) on the other hand has eschewed the skin test as a diagnostic weapon in his clinic.
Skin test, blood culture and serum agglutination test results are frequently at variance. A nonantigenic extract of Br. abortus (PEBA) was reported on by Ottosen and Plum (1949) . Neither agglutinins nor complement-fixation antibodies were elicited in rabbits; but 0 05 ml. intradermal doses showed conspicuous allergic reactions in brucella-infected guinea-pigs, and practically no reactions in normal guinea-pigs or in guinea-pigs previously exposed to PEBA. These findings were largely confirmed in cattle. PEBA appears to be an amphoteric compound containing tyrosin.
Meyer (1950) , reviewing 82 papers on brucella skin testing, considers that the basic studies of Miles and Pirie (1939) Dermal sensitivity occurred in 10-25o% of the United States population (McCullough, 1955) and is greater in occupationally exposed persons. In this country Brodigan and her co-workers (Brodigan, McDiarmid, Mann and Skone, 1961) (1958) found that animals immunized against tubercle bacilli produced mononuclear cells and were resistant to the destructive action of tubercle as well as brucellae. They concluded that much of the resistance to brucella was nonspecific.
Ralston and Elberg (1960) described a lysozymelike material from rabbit monocytes that acts on glycine-treated brucellae to cause lysis and death. Elberg et al. (1957) Therapy. Spink's (1960) paper on the current status of therapy of brucellosis in human beings is authoritative. He states that the tetracycline drugs -chlortetracycline hydrochloride, oxytetracycline hydrochloride, or tetracycline hydrochloride, constitute the treatment of choice in doses of 500 mg. every six hours for a minimum of 21 days, and repeated if tolerated within six to eight weeks if there is a relapse. This is not unusual, particularly with Br. melitensis. In more severe cases streptomycin should be given i.m. 1 to 2 g. for 14 days, simultaneously with the tetracycline drug. These doses are for adults.
Several relapses may occur before recovery and Spink thinks it doubtful if more than three courses of antibiotics are beneficial except rarely when suppuration is present. He also discusses the indication for corticosteroid therapy and does not consider brucella vaccines of value in treatment. Dalrymple-Champneys (1960) (Bothwell, 1960a, b, c; McDiarmid, 1960) . National figures for cases reported to the Public Health Laboratory Service also show little change from year to year and deficiencies and inadequacies in the legislation are impediments to eliminating the disease (Bothwell, 1961) .
The Ministry of Agriculture and Fisheries has recently completed a national survey of brucellosis in milking herds. It is to be hoped that an eradication policy will follow so that in due course both modes of infection for man-infected milk and contact with infected animals-will be removed. Until such an eradication programme has been completed, human cases, including children, will continue to occur.
The 17 childhood cases of brucellosis reported here formed part of a series consisting of 61 cases of all ages admitted to hospital between 1940 and 1958 (Bothwell, 1960a Of interest in this connexion is a recent report by Mikulowski and Rogalska-Chrzanowska (1961) . They reported a typical clinical case of undulant fever in a child of 5 years (titre 1/500); lymphadenopathy, hepatomegaly, splenomegaly, anaemia, leukopenia and neutropenia developed, followed by pseudoleukaemic bone marrow with 11% myeloblasts and mitotic cells: recovery occurred after aureomycin and streptomycin.
Diagnosis was uniformly by positive agglutination, only one having a positive blood culture, but blood culture had not been tried intensively.
Fever was the presenting symptom in eight cases, which is similar to the usual mode of presentation in adults. The pattern of pyrexia was irregular in nine, remittent in five, undulant in two, and the pattern was not known in one. Three had nausea with abdominal pain as the predominant features and two had sore throats; in these five cases it is unlikely that brucellosis would be considered as the diagnosis.
One child had had a previous febrile episode, two years before; one had a second attack of tiredness and aching thighs and legs about a year after the original attack. Two children had a subsequent episode of pain and limitation of movement in a joint about nine and three months after the original illness, though this appears to have cleared up without permanent effect after antibiotic treatment; in one of these episodes, the child had a negative titre in hospital and this only became positive after discharge, giving the clue to the diagnosis. One child had a macular rash on the arms and legs, and another an erythematous rash on chest, back, legs and arms one week after admission.
The difficulty of diagnosis with the various symptoms reported is shown by the alternative diagnoses suggested (Table 1) .
Hospitalization Time. Ten cases were in hospital for periods up to one month; four between one and White Blood Counts. The total white cell counts showed two leucopenia, three leucocytosis and 11 within normal limits.
The differential white cell counts were as follows: two leucopenia (both relative lymphocytosis); three leucocytosis (two with polymorph preponderance, one lymphocytosis); 11 within normal limits (nine relative lymphocytosis, one with 92% polymorphs, 8 % lymphocytes, and one normal).
Glands, Spleen and Liver Enlargement. There were seven cases with enlarged glands recorded, and of these, two also had enlarged spleen and liver; in three cases the spleen alone was enlarged.
The agglutination titres ranged from 1/125 to 1/20,000, but there was no apparent relation between the height of the agglutination titre, the presence of palpable spleen, liver or glands, the blood picture absolute or differential, and the severity of the symptoms or duration of illness.
Distribution and Proportion of Children in Series. The distribution of childhood cases, and of the age and sex of the childhood cases are shown in the Figure. These cases do not represent all the childhood cases admitted to hospital, but only those where the existence of diagnostic indices resulted in finding the notes.
The number of children in the second 10 years is a little higher (13 to four) and there is a higher proportion of females in this second period, but this difference is probably due to better indexed hospital records in later years.
The The parents of these children had widely varying occupations, though there were more from farming than any other single group (Table 2 ). In the two unknown cases (early cases) in the series, the children did not live on farms.
The value of the human case as an index of infection in cattle needs wider recognition. The suspected milk supply should be examined in detail to locate the infected animals, but in the cases described in the present series, this had rarely been considered. During subsequent investigations of the milk supplies, there was an impression among farmers and public health personnel that because the animals had been vaccinated with S.19 they could not be the source of infection. The facts are that abortion need not be present in an infected animal; and even in one that has been vaccinated, an asymptomatic udder infection may persist for years, and indeed udder infection is three times commoner in infected cows than uterine infection (Kerr, 1960; McDiarmid, 1960) . and 'undulant' pyrexia in two. Attention is drawn to the continuing important role of infected raw milk in the aetiology of this disease in childhood; 13 cases appeared to be due to drinking raw milk, in four of these the milk was tuberculin-tested.
The disease was mild in 11 cases, prolonged and debilitating in four cases, and was associated with cirrhosis in one case and a fatal issue in one other. The association of brucellosis with cirrhosis of the liver in a child does not appear to have been reported previously, though there is nothing surprising in such an event. The brucellosis diagnosis in both the latter cases depends on agglutination of 1/1,000 and 1/250 and not on culture of the organism, however.
Children from 0 to 15 years account for approximately 30% of hospital admissions for brucellosis in the Oxford region. Reasons for this are discussed. Progressively improving recognition may be a factor in the higher percentage of children in the general series from which these 17 cases are drawn than is usual in series of brucellosis cases.
It is well known that the disease is difficult to recognize in mild cases and general practitioners should be informed about infected sources. This is a task for public health departments working in liaison with their veterinary colleagues, but the absence of notification of human and animal brucellosis impedes this kind of progress.
My thanks are due to the hospitals and consultants who kindly allowed me to refer to and quote from their case records.
